Effect of different pretreatments on egyptian sugar-cane bagasse saccharification and bioethanol production  by Abo-State, Mervate A. et al.
Egyptian Journal of Petroleum (2013) 22, 161–167Egyptian Petroleum Research Institute
Egyptian Journal of Petroleum
www.elsevier.com/locate/egyjp
www.sciencedirect.comFULL LENGTH ARTICLEEﬀect of diﬀerent pretreatments on egyptian
sugar-cane bagasse sacchariﬁcation and bioethanol
productionMervate A. Abo-State a, Ahmed M.E. Ragab b, Nour Sh. EL-Gendy c,*,
Laila A. Farahat c, Hekmat R. Madian ca National Center for Radiation Research and Technology (NCRRT), Nasr City, Cairo, Egypt
b Faculty of Science (Girls Branch), Al-Azhar University, Cairo, Egypt
c Egyptian Petroleum Research Institute (EPRI), Nasr City, Cairo, EgyptReceived 17 July 2012; accepted 11 September 2012*
74
E-
Pe
In
11
htKEYWORDS
Sugar-cane bagasse;
Trichoderma viride;
Aspergillus terreus;
Saccharomyces cerevisiae;
Candida tropicalis;
Bioethanol;
Separate hydrolysis
fermentationCorresponding author. Mob
33.
mail address: nourepri@yah
er review under responsibi
stitute.
Production an
10-0621 ª 2012 Egyptian Pe
tp://dx.doi.org/10.1016/j.ejpeile: +201
oo.com (
lity of E
d hostin
troleum R
.2012.09.Abstract Sugar-cane processing generates large amount of bagasse. Disposal of bagasse is critical
for both agricultural proﬁtability and environmental protection. Sugar-cane bagasse is a renewable
resource that can be used to produce ethanol.
In this study, twelve microbial isolates, ﬁve bacteria, four yeasts and three ﬁlamentous fungi were
isolated from sugar-cane bagasse. Bacterial and yeast isolates were selected for their ability to utilize
different sugars and cellulose. Chipped and ground bagasse was subjected to different pretreatment
methods; physically through steam treatment by autoclaving at 121 C and 1.5 bar for 20 min and/
or different doses of gamma c irradiation (50 and 70 Mrad). Autoclaved pretreated bagasse was fur-
ther biologically treated through the solid state fermentation process by different fungal isolates; F-66,
F-94 and F-98 producing maximum total reducing sugars of 18.4., 26.1 and 20.4 g/L, respectively.
Separatebiological hydrolysis and fermentation (SHF)process forbagassewasdoneby the two selected
fungal isolates;Trichoderma virideF-94andAspergillus terreusF-98 and the twoyeast isolates identiﬁed as
Candida tropicalis Y-26 and Saccharomyces cerevisiae Y-39. SHF processes by F-94 and Y-26 produced
226 kg of ethanol/ton bagasse while that of F-98 and Y-39 produced 185 kg of ethanol/ton bagasse.
ª 2012 Egyptian Petroleum Research Institute. Production and hosting by Elsevier B.V.
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0071. Introduction
Environmental pollution and energy crisis are the two major
challenges, world is facing today, because of increase in popu-
lation and advanced technologies. Demand for ethanol as an
alternative fuel source has steadily increased due to dwindling
of fossil fuel resources and increased gasoline prices [1,2].hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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produced from fermented cellulosic biomass [3]. Ethanol does
not add to a net-CO2 atmospheric increase, thus there is no
contribution to global warming. Combustion of ethanol results
in relatively low emissions of volatile organic compounds, car-
bon monoxide and nitrogen oxides [4]. The importance of the
biomass-based ethanol production has undergone a huge in-
crease in the last few years. However further cost reduction
is still essential for large deployment of this new technology.
Since the cost of the traditionally used (sugar and starch-con-
taining) raw materials represents the major part of the total
production cost, constituting about 40–70% of the production
cost [5], using less valuable materials, like agricultural waste,
could reduce the expense signiﬁcantly [6,7].
The sugar-cane stalk consists of two parts, an inner pith
containing most of the sucrose and an outer rind with ligno-
cellulosic ﬁbers. During sugar processing, the sugar-cane stalk
is crushed to extract sucrose. This procedure produces a large
volume of residue, the bagasse, which contains both crushed
rind and pith ﬁbers. Most of this bagasse (approximately
75%) is used as the in-house fuel for power generation or as
raw material for producing low-value products such as mulch
or ceiling tiles [8]. The remaining 25% is considered as waste
that goes to landﬁll or is allowed to decay [9]. This 25% can
be used as a raw material for cellulosic ethanol production.
However, it is of economical concern to make use of the feed
stock as efﬁcient as possible, e.g. to improve the production
process and as a result achieve higher ethanol yield.
Cellulose and hemi-cellulose, which are the principal bio-
degradable carbohydrate components of the bagasse, are
found together with lignin in an intense cross linked, rigid
ligno-cellulose complex [10]. This ligno-cellulosic structure
severely limits the biological hydrolysis of cellulose and
other polymers Therefore, it requires principally pretreat-
ment prior to hydrolysis [11,12]. Industrially, the pretreated
material is mainly thought to be hydrolyzed and fermented
in two different steps: separate hydrolysis and fermentation
(SHF), or in one single step: simultaneous sacchariﬁcation
and fermentation (SSF).
Most reports on ligno-cellulosic ethanol production involve
acid hydrolysis followed by enzymatic sacchariﬁcation [9,13].
The enzymatic sacchariﬁcation step is cost-prohibitive because
of the high cost of the enzymes.
The aim of this study is to examine different physical
pretreatments of sugar-cane bagasse and the ability of iso-
lated fungal strains to form fermentable sugars by direct
growth on sugar-cane bagasse as a sole source of carbon
and energy through the solid state fermentation process.
To include the level of fermentability, hydrolysates from
the most promising fungal sacchariﬁcation were fermented
by isolated yeast strains in a SHF process. Total ethanol
and sugar yields were evaluated to eventually predict the
most satisfying SHF process.
2. Experimental
2.1. Media
Media used for isolation, puriﬁcation and maintenance of bac-
teria, yeast and ﬁlamentous fungi were Luria Bertani (LB) agar
[13], potato dextrose (PD) agar [14] and Wickersham’s (WH)agar [15] media, respectively. Minimal medium used for screen-
ing the ability of microbial isolates for utilization of different
saccharides was prepared according to Bahkali [16].
2.2. Analytical methods
Hemi-cellulose, cellulose, and lignin percent in bagasse samples
before and after hydrolysis were determined in the Agricultural
ResearchCenter,Giza, Egypt.Determination ofweight losswas
done by directly weighing the substrate before and after fungal
treatment, after drying in an oven at 105 C to a constantweight.
The mono-saccharides were determined and quantiﬁed before
and after fermentation at the National Research Center, Giza,
Egypt, according to the method reported by Askar et al. [17],
by High Performance Liquid Chromatography (HPLC)
equipped with a 10A Shimadzu Shim-pack SCR-101 N column
(7.9 mm · 30 cm), using de-ionized water as the mobile phase
(ﬂow rate 0.5 mL/min at 40 C) and a refractive index detector.
The injected volume was 20 lL. Sugar standards were used for
quantiﬁcation of different sugars (glucose, xylose,mannose, gal-
actose, arabinose and rhamnose) in the samples. Ethanol pro-
duction was analyzed by Gas chromatography (model 6890,
Agilent), equipped with ﬂame ionization detector and nominal
capillary column (60 m · 530 lm · 5.00 lm). Helium was the
carrier gas, ﬂow ratewas 25 mL/min.Oven and detector temper-
ature was 300 C. Total reducing sugars ware determined by the
3,5-dinitro salicylic acid (DNS) method [18] and glucose was
used as a standard. The samples were stored in a fridge at
18 C until analysis to prevent spoilage by microbes and loss
of ethanol.
2.3. Collection and preparation of sugar-cane bagasse sample
Sugar-cane bagasse was collected from the local market, air-
dried then chipped, ground and sieved to size (0.5–1 cm).
Ground materials were then stored in plastic bags at room tem-
perature until analysis and treatment. Bagasse was initially ana-
lyzed for determination of hemi-cellulose, cellulose and lignin
content (27.41%, 41.29% and 12.11% (%wt.), respectively).
2.4. Isolation and puriﬁcation of different microorganisms
Ten grams of the ground bagasse was added under aseptic con-
ditions to 90 mL of sterile saline (8.5 g/L NaCl) in 250 mL con-
ical ﬂasks. The ﬂasks were shaken at 200 rpm for 60 min. After
that, the suspensions were serially diluted to 101 and grown
using LB, PD andWH agar plates for bacteria, fungi and yeast,
respectively. Bacteria and yeast plates were incubated at 30 C
for 48 h. While fungi plates were incubated at 28 C for 7 d.
The well grown colonies were picked, streaked on a sterile suit-
able medium for puriﬁcation. Pure separated single colonies
were maintained on sterile slants at 4 C for further investiga-
tion, and these culture slants were sub-culturedmonthly. The se-
lected isolates were preserved in micro-tubes containing 1:1 (v/v
glycerol: pure isolate in appropriate medium) at 40 C.2.5. Identiﬁcation of selected isolates
Identiﬁcation of the selected fungal isolates was performed
according to Pitt and Hocking [19] at the National Research
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(color, shape, surface and reverse pigmentation) as well as
microscopical structure (septate or non septate hyphae, struc-
ture of hyphae and conidia). Identiﬁcation of yeast isolates was
carried out through 16S ribosomal DNA (rDNA) ampliﬁca-
tion and sequencing, which was determined by direct sequenc-
ing of PCR- ampliﬁed 16S rDNA. Genomic DNA isolation,
ampliﬁcation, and sequencing of the 16S rDNA gene, PCR
puriﬁcation and DNA sequencing were performed at Leaders
Company, Cairo, Egypt. Blast program (http://www.ncbi.nlm.
nih.gov/blast) was used to assay the DNA similarities.
2.6. Screening for microbial utilization of different saccharides
as sole carbon and energy sources
All the isolated bacteria and yeast strains were streaked on
minimal medium supplemented with 1% (w/v) of different sac-
charides; cellulose as model compound for poly-saccharides;
maltose, lactose, and sucrose as model compounds for di-sac-
charides; while glucose and xylose as model compounds for
hexose and pentose mono-saccharides, respectively.
2.7. Spore suspension preparation
According to Abo-State [20], the fungal isolates were inocu-
lated using 100 mL of PDA medium in 250 mL Erlenmeyer
ﬂasks. The inoculated media were incubated at 28 C for 7 d,
and then the spores were collected by adding 30 mL of sterile
saline containing 0.1% (v/v) Tween-80. The spore suspension
of each ﬂask was collected in a new sterile ﬂask as stock for
inoculation. The spore suspension count was 4 · 107.
2.8. Bagasse pretreatments
2.8.1. Physical pretreatment
2.8.1.1. Milling pretreatment. Ten grams of chipped and
ground bagasse were put into a 250 mL Erlenmeyer ﬂask. It
was then moistened with distilled water; the ﬂasks were incu-
bated for 2 h at room temperature. The solid material was then
mixed vigorously with 100 mL distilled water for extraction of
soluble reducing sugars, then ﬁltered with a cheese cloth to sep-
arate the contents into liquid and solid parts. The ﬁltrate was
centrifuged at 10,000 rpm for 10 min, and its total reducing su-
gar (TRS) content was determined in clear supernatant by the
DNS method [18].
2.8.1.2. Milling and autoclaving pretreatment. Ten grams of
chipped and ground bagasse were put into a 250 mL Erlen-
meyer ﬂask then moistened with distilled water; the ﬂasks were
steam-treated by autoclaving at 121 C and 1.5 bars for
20 min. Then extraction, ﬁltration and determination of TRS
were carried out as previously mentioned.
2.8.1.3. Milling and Gamma c irradiation pretreatment. Accord-
ing to Abo-state [20], the chipped and ground bagasse was ex-
posed to different doses (50 and 70 Mrad) of c radiation
(Indian cobalt-60 gamma cell at the National Center for Radi-
ation Research and Technology (NCRRT), Nasr City, Cairo,Egypt). Dose rate was 1.0 Mrad /120 min at the time of exper-
iment. Ten grams of each irradiated bagasse were put into a
250 mL Erlenmeyer ﬂask, moistened with distilled water, incu-
bated for 2 h at room temperature and then extraction, ﬁltra-
tion and determination of TRS were conducted as previously
mentioned.
2.8.1.4. Milling, c irradiation and autoclaving pretreatment. Ten
grams of chipped and ground bagasse exposed to different
doses of c radiation were put into a 250 mL Erlenmeyer ﬂask
and moistened with distilled water, then autoclaved at 121 C
and 1.5 bars for 20 min, after autoclaving, the ﬂask contents
were extracted, ﬁltered and TRS was determined by the
DNS method as listed before.
2.8.2. Physical pretreatment and solid state fermentation by
different fungal isolates
Ten grams of chipped, ground and autoclaved pretreated
bagasse were inoculated with 2 mL spore suspension
(4 · 107 spores/mL) of each pre-isolated fungal strains. The
inoculated ﬂasks were incubated statically at 30 C for 7 d.
After the incubation the ﬂask contents were extracted, ﬁltered
and then TRS was determined, as listed before. The monosac-
charide concentrations of each hydrolysate were determined by
HPLC. The percent sacchariﬁcation was also calculated as de-
scribed by Uma et al. [21] by the formula (1):
Saccharification% ¼ FormedTRS 0:9 100
Cellulosecontentofpretreatedsubstrate
ð1Þ2.9. Bioethanol fermentation
This was carried out according to Yu and Zhang [22], where
peptone (10.0 g/L), KH2PO4 (2.0 g/L), and MgSO4.7H2O
(1.0 g/L) were added to the hydrolysate obtained from the
most promising fungal isolates through the solid state fermen-
tation process and then sterilized by autoclaving at 121 C for
20 min. The medium was inoculated with 10% (v/v) pre-se-
lected yeast isolates. The inoculated cultures were incubated
at 30 C for 48 h at 150 rpm. After incubation, the fermented
medium was centrifuged at 10000 rpm for 10 min. The pro-
duced ethanol and residual TRS concentrations were deter-
mined. The ethanol yield was calculated by the modiﬁed
formula (2) proposed by Gunasekaran and Kamini [23].
Ethanolyield% ¼ Producedethanol 100
utilizedTRS
ð2Þ3. Results and discussion
3.1. Isolation of different microbial isolates
Twelve microbial isolates; ﬁve bacteria (B-30, B-32, B-42, B-69
and B-74), four yeasts (Y-25, Y-26, Y-34 and Y-39) and three
fungi (F-66, F-94 and F-98); were isolated from sugar-cane ba-
gasse and differentiated according to their morphological and
microscopical examination.
Table 1 Screening for the ability of some microbial isolates to utilize different saccharides.
Saccharides Bacterial isolates Yeast isolates
B-30 B-32 B-42 B-69 B-74 Y-25 Y-26 Y-34 Y-39
Mono- Glucose  + +++ ++++ ++++ +++++ +++++ ++++ +++++
Xylose + ++  +++ ++ +++ +++ +++ +++
Di- Maltose  + + +++ +++ +++ ++++ +++ ++++
Lactose    ++ + +++ +++ +++ +++
Sucrose  ++  ++ ++ +++ ++++ + ++++
Poly- Cellulose   + + + + ++  ++
(ve) no growth, (+ ve) very weak growth, (++ve) moderate growth, (+++ ve) good growth (++++ ve) very good growth and
(+++++ ve) excellent growth.
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utilize different saccharides
Bacteria and yeast isolates revealed different abilities to utilize
cellulose and different sugars as listed in Table 1. Yeast isolates
(Y-26 and Y-39) were selected for further studies as they
showed the highest efﬁciency for utilization of different saccha-
rides. They were identiﬁed as Candida tropicalis Y-26 and Sac-
charomyces cerevisiae Y-39, with % similarity of 98%.
3.3. Effect of different pretreatments on total reducing sugar
yield
The TRS yields are the criterion to the sugars liberated during
hydrolysis. The applied physical pretreatments exhibited dif-
ferent effects on the total reducing sugar TRS yield as listed
in Table 2. The chipped and ground bagasse (milling pretreat-
ment) yielded the lowest concentration of TRS of 2 g/L with
% sacchariﬁcation of 3%, followed by milling and autoclav-
ing, then by c irradiation treatments, in an increasing order,
producing 8 and 15 g/L of TRS with % sacchariﬁcation of
18% and 32%, respectively. Results in this investigation indi-
cated that c irradiation pretreatment of bagasse generally in-
creased TRS in the ﬁltrate.
According to Helal [24]; ionizing radiation such as c lowers
the degree of polymerization of cellulose and lignin and par-
tially disrupts the ligno-cellulosic complex.
Although steam pretreatment by autoclaving appeared for
sterilization has affected and resulted in an increase in TRS.
However; there was no signiﬁcant increase in TRS yield either
by increasing the c irradiation doses or by applying the combi-
nation of milling + autoclaving + c irradiation treatments,
producing TRS of 15 and 16 g/L with % sacchariﬁcation
of 32% and 36%, respectively. It was also observed that
the fungal treatment increases sugar yield, where the highestTable 2 Total reducing sugars (TRS) from bagasse after different p
Diﬀerent treatment
Physical Milling
Milling + autoclaving
c irradiation Mrad
Milling + autoclaving + c
Physical and Solid state fermentation F-66
F-94
F-98TRS yield was produced by fungal treatments; F-66, F-94 or
F-98 as follows (18, 26 and 20 g/L with % sacchariﬁcation
of 40%, 57% and 44%, respectively).
The hydrolysates produced from the solid state fermenta-
tion by F-94 and F-98 contained the highest TRS yields and
accordingly were used for further fermentation through the
SHF process. F-94 and F-98 were identiﬁed as Trichoderma
viride F-94 and Aspergillus terreus F-98, respectively.
It was obvious from this study that, bagasse’s mechanical pre-
treatment by grinding and physical steam treatment (autoclaving)
could change the lignocellulosic material structure and this may
facilitate the growth of fungi with high cellulolytic activity.
According to Helal [24]; physical pretreatment before fungal
treatment increases the surface area of the cellulose by reducing
particle size. Also, Coverse et al. [25] reported on the opening up
pores by hydrolysis of the cellulose andmelting the lignin at high
temperature to cause agglomeration and lignin acts as an inhib-
itor during hydrolysis. Since cellulases produced by fungal iso-
lates would be adsorbed on lignin it cannot hydrolyze
cellulose. During hydrolysis, these pores expand and collapse,
causing the exposed surface area of cellulose to vary in a com-
plex manner, thus affecting cellulases’ adsorption and the rate
of hydrolysis.
3.4. Chemical composition of bagasse before and after biological
hydrolysis
According to Irfan et al. [26]; weight loss during treatment rep-
resents the degradation of ligno-cellulosic biomass. Table 3.,
shows that hemi-cellulose, cellulose and lignin contents in un-
treated sugar-cane bagasse were 27.42%, 41.29% and 12.11%,
respectively, while the chemical composition of treated bagasse
after hydrolysis by T. viride F-94 was 18%, 17%, and 8%,
respectively and after hydrolysis by A. terreus F-98 was
16%, 18%, and 9%, respectively.retreatments.
TRS g/L Sacchariﬁcation %
1.52 3.31
8.09 17.63
50 14.57 31.76
70 14.63 31.89
irradiation 50 16.32 35.57
70 16.64 36.27
18.38 40.06
26.05 56.80
20.36 44.38
Table 3 Chemical composition (%) of bagasse before and after hydrolysis by T. viride F-94 and A. terreus F-98.
Sample Hemi-cellulose Cellulose Lignin
Before hydrolysis 27.41 41.29 12.11
After hydrolysis by T. viride-F-94 18.12 17.13 8.22
After hydrolysis by A. terreus-F-98 16.11 18.11 8.98
Table 4 Ethanol concentration (EC, g/L) and yield (EY, %)
by C. tropicalis Y-26 or S. cerevisiae Y-39 utilizing the
hydrolysates of treated sugar-cane bagasse with T. viride -F-
94 or A. terreus -F-98.
Yeast isolate Fungal isolates
T. viride F-94 A. terreus F-98
EC g/L EY% EC g/L EY%
C. tropicalis Y-26 22.62 93.82 14.30 84.07
S. cerevisiae Y-39 17.08 70.84 18.51 97.36
Table 5 Total reducing sugars TRS in sugar-cane bagasse
hydrolysate after and before fermentation by selected yeast
isolates.
Fungal isolate TRS g/L
Before fermentation After fermentation
T. viride F-94 26.05 C. tropicalis Y-26 1.94
A. terreus F-98 20.36 S. cerevisiae Y-39 1.35
Table 6 Concentration of mono-saccharides in bagasse
hydrolysates after hydrolysis by T. viride F-94 and after
fermentation by C. tropicalis Y-26.
Monosaccharides After
hydrolysis g/L
After
fermentation g/L
Consumption %
Rhamnose 5.18 0.00 100
Xylose 5.08 1.04 79.53
Glucose 20.89 0.00 100
Table 7 Concentration of mono-saccharides in bagasse
hydrolysates after hydrolysis by A. terreus F-98 and after
fermentation by S. cerevisiae Y-39.
Monosaccharides After
hydrolysis g/L
After
fermentation g/L
Consumption %
Rhamnose 1.38 0.68 50.27
Xylose 4.19 3.02 27.9
Glucose 17.05 0.11 99.35
Arabinose 0.73 0.40 45.21
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leled by the production of reducing sugars. After 7 d of incuba-
tion 56% and 53% of the bagasse’s initial dry weight has
been utilized by T. viride F-94 and A. terreus F-98 with the for-
mation of 26 and 20 g of TRS/L, respectively. Biological
treatment with T. viride F-94 led to higher deligniﬁcation of
bagasse than that of A. terreus F-98 recording 32% and
26%, respectively. This deligniﬁcation might explain the higher
TRS yield obtained in T. viride F-94 hydrolysate (26 g/L) than
that of A. terreus F-98 (20 g/L) as cellulose and hemi-cellulose
would be more available for sacchariﬁcation, with increase in
fermentable sugar yield by 17.14 and 13.39 fold, respectively.
T. viride F-94 and A. terreus F-98 expressed nearly the same
cellulolytic activities, recording a decrease in hemi-cellulose
content by 67% and 71%, respectively. While recorded a de-
crease of 59% and 56%, respectively for cellulose content.
Sasaki et al. [27] reported; decrease of bagasse components;
lignin 38.4%, hemi-cellulose 21.5% and cellulose of 9.1% after
pretreated with Ceriporiopsis subvermispora for 12 weeks.
Umasaravanan et al. [28] reported on the decrease of bagasse’s
lignin and cellulose contents by 24.14% and 77.53% after
21 d of solid state fermentation by A. tamari.
3.5. Production of ethanol by isolated yeasts through SHF
process of the obtained hydrolysates
Evaluation of ethanol production is necessary to quantify the
process’ ﬁnal performance. In this study; the hydrolysates that
resulted from the sacchariﬁcation of bagasse by T. viride F-94and A. terreus F-98 were used for fermentation by yeast iso-
lates C. tropicalis Y-26 and S. cerevisiae Y-39 to produce eth-
anol (Table 4). The highest ethanol yield was obtained from
the hydrolysate of T. viride F-94 after fermentation by C. trop-
icalis Y-26 recording 23 g/L followed by that obtained with
the SHF process applying A. terreus F-98 and S. cerevisiae
Y-39 recording 19 g/L, with ethanol yield of 94% and
98%, respectively. The difference in performance among the
yeast strains may be due to capabilities of each strains for fer-
mentation of TRS (Table 5) and the preferential utilization of
pentoses and hexoses prevailing in the hydrolysate as illus-
trated in Tables 6 and 7.
Similar observation was reported by Patel et al. [29]; where
grinding + autoclaving has resulted in the release of sugars
and with fungal treatment further increase in the release of
sugars was observed due to the enzymatic hydrolysis of cellu-
loses by the fungal enzymes. The yield of TRS after 5 d of solid
state fermentation by Aspergillus awamori, Aspergillus niger,
Trichoderma reesei and T. viride was 38, 43, 64 and 51 mg/
g, respectively. Ethanol yield after the whole SHF process of
8 d by S. cerevisiae amounted to 4, 3, 4 and 6 g/L while by
Candida shehatae was 4, 3, 3 and 5 g/L, respectively.
Zayed and Meyer [30] reported that; both T. viride and A.
niger are able to liberate sugars from different kinds of cellu-
lose waste materials. Havannavar and Geeta [31] reported
that; fungal pretreatment of bagasse through the solid state
fermentation, released maximum TRS of 28.26 mg/g and
80.23 mg/g with Trichoderma reesi and phaneracheete chrys-
osporuim, respectively, within 7 d of incubation. Patel et al.
[11] reported, a combination of ﬁve fungi isolated from
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of bagasse andS. cerevisiaewas used for carrying out fermentation
through the SHF process of 11 d. Bagasse treated withAspergillus
awamoriAA+ Pleurotus sajor-caju PS, Phenerochaete chrysospo-
rium PC+ PS andAspergillus nigerAN+AA produced ethanol
yields of 9.8, 8.2 and 8.5 g/L. Gurav andGeeta [6] reported that; a
combinationof two fungal isolates,P. chrysosporiumandPleuratus
spp was used for the pretreatment of bagasse and the strains Sac-
charomyces cerviseae CFTRI101, Candida shehate NCIM3500,
Pachysolen tannophilus NCIM3445, Pichia stipitis NCIM3498
and BCY108 were used for fermentation in the SHF process of
15 d and ethanol yields amounted to; 658, 480, 210, 322 and
158 mg/L, respectively.
3.6. Determination of the reducing sugars before and after
fermentation
The residual reducing sugar content decreased signiﬁcantly
after fermentation as listed in Table 5. This indicates the ability
of C. tropicalis Y-26 and S. cerevisiae Y-39 to utilize the avail-
able reducing sugars.
3.7. Determination of mono-saccharides before and after
fermentation
The concentration ofmonosaccharides resulted from the hydro-
lysis of bagasse by T. viride F-94 and A. terreus F-98 before and
after fermentation by C. tropicalis Y-26 and S. cerevisiae Y-39
have been measured (Tables 6 and 7). The percentage decrease
of hemi-cellulose and cellulose after biological hydrolysis was
in parallel relation with the produced types of sugars and con-
centration of TRS. The sacchariﬁcation of bagasse withT. viride
F-94 afforded the following: glucose (20.89 g/L), xylose (5.08 g/
L) and rhamnose (5.18). While the sacchariﬁcation of bagasse
with A. terreus F-98 led to glucose (17.05 g/L), xylose (4.19 g/
L), rhamnose (1.38) and arabinose (0.73). In this study; all kinds
of sugars detected in hydrolysates were not completely con-
sumed. However, the yeast strains under study fermented both
glucose and xylose to ethanol. It was noticed that both glucose
and rhamnose were completely consumed. Lower xylose con-
sumption was recorded (80%) in SHF by T. viride F-94 and
C. tropicalis Y-26. While in SHF using A. terreus F-98 and S.
cerevisiae- Y-39; the consumption of glucose, rhamnose, arabi-
nose and xylose was 99%, 50%, 45% and 28%, respectively.
The recorded high ethanol yield in Table 4, can be attributed
to the ability of Y-26 and Y-39 to utilize both pentoses and hex-
oses present in the bagasse hydrolysate as illustrated in Tables 6
and 7.
Senthilgura et al. [32] reported that; cellulose hydrolysis
yields glucose which can be readily fermented with many exist-
ing organisms. Hemi-cellulose hydrolysis produces both hex-
oses and pentoses (mannose, galactose, xylose and arabinose)
that are not all fermented with existing strains.
The conventional alcohol fermenting organism, S. cerevisiae
can ferment only hexose sugars to ethanol [10,33,34]. Among the
xylose fermenting yeasts, P. annophilus [35], Pichia stipities [36],
and C. tropicalis [37] are promising for ethanol production.
Laplace et al. [38] reported on a mixture of 70% glucose and
30% xylose that has been converted into ethanol employing a
co-culture of Pichia stipitis and a mutant strain of Saccharomy-
ces diastaticus. On the other side, Havannavar and Geeta [39]reported that; Candida shehatae has the ability to ferment both
glucose and xylose in bagasse producing 34 g/L of ethanol
after acid pretreatment followed by enzymatic hydrolysis.
4. Conclusion
Generally sacchariﬁcation step is carried out by commercially
available cellulase enzyme which is very expensive. This preli-
minary study revealed that ethanol production from sugar-cane
bagasse is possible by intact fungal organisms as a source of
cellulase and hemi-cellulase enzymes; through the solid state fer-
mentation byT. virideF-94 orA. terreusF-98. This was followed
by the hydrolysate fermentation byC. tropicalisY-26 or S. cere-
visiae Y-39 through separate hydrolysis and fermentation pro-
cess. the ethanol yield in this study was 75.36, 61.59 gallon/
ton, respectively. This ethanol yield was 1.48, 1.81 times lower
than the theoretical yield (111.5 gallon/ton as per National
Renewable Energy Laboratory (NREL) calculation, which is
found at (http://www1.eere.energy.gov/biomass/ethanolyield-
calculation.html). In this study, a signiﬁcant removal of lignin
from bagasse was achieved through an eco-friendly process,
which resulted in high production of ethanol. Further study is
needed to optimize the conditions for maximum production of
ethanol from bagasse.
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